Several virus-specified proteins of adenovirus type 2 (Ad2) and type 5 (Ad5) can be distinguished by their differential electrophoretic mobility in SDS-polyacrylamide gels. By comparing the physical maps of the genomes of interserotypic recombinants between ts mutants of these viruses with the pattern of proteins expressed, the physical locations of some genes can be determined on the adenovirus DNA molecule. The proteins of a total of IO3 recombinants were analysed; 44 of these are of known DNA structure. Structural genes for the proteins analysed span the following loci on the conventional adenovirus map: V (3o to 43); III (43 to 44); II and 66K (55 to 57); IooK, 36K, 32K (69 to 71); IV (8o to 90).
INTRODUCTION
Group C human adenoviruses, consisting of serotypes I, 2, 5 and 6, contain a doublestranded, linear DNA molecule of 35 ooo base-pairs with short inverted redundant sequences at both ends. Conventional genetic economy would suggest a total coding capacity of approx. 1.2 × lO 0 daltons of protein. At present, there is reasonable agreement that adenovirus type 2 (Ad2) specifies seven early proteins (Saborio & Oberg, I976) and about 25 late proteins (Philipson & Petterson, 1973; Lewis et al. I975; Weber et al. I977) . Many of these proteins have been shown to be virus-coded gene products (Anderson et al. x974; Eron et al. I974; Lewis et al. 1975 Lewis et al. , 1977 . Two approaches have been employed for mapping structural genes encoding virus-specified proteins. Lewis et al. 0975 ) have mapped several adenovirus proteins by in vitro translation of virus-specific RNA selected by hybridization to specific endonuclease fragments of Ad2 DNA. Mautner et al. (I975) have determined map coordinates for hexon and fibre by correlating the expression of type-specific antigens with the genetic composition of intertypic recombinants formed between Ad 5 and the nondefective Ad2-SV4o hybrid, Ad2q-NDI (Sambrook et al. I975; Williams et al. 1975) . Recently, Grodzicker et al. (I977) have used the same intertypic hybrids and obtained map positions for hexon, IOOK, fibre and the NDI protein, as well as VA-RNA1, by taking advantage of the serotype-specific differential electrophoretic mobilities of these gene products. In this paper we report results obtained using a similar approach. In the preceding paper (Hassell & Weber, I978 ) we described the isolation of interserotypic hybrids between Ad2 and Ad5 ts mutants, the characterization of their recombinant DNAs and the physical mapping of ts mutations. In the present paper we demonstrate the use of SDSpolyacrylamide gel electrophoresis to identify several virus-specified polypeptides of Ad2 or Ad5 origin, by virtue of their different electrophoretic mobility. By correlating the polypeptides of a large number of intertypic recombinants with their genetic composition, we have been able to assign them narrow coordinates on the adenovirus genome.
METHODS
Viruses. The HEp2 cells used and the procedure for virus infection and titration have been described previously (Weber, ~972) . The origin of recombinants, their method of selection and the analysis of their genomes by site-specific endonucleases have been described previously (Hassell & Weber, 1978 ) .
Labelling of cells and virus and SDS-polyacrylamide gel electrophoresis. These procedures have been described previously in great detail (Weber, 1976) . Although most gels were 12"5 acrylamide, some 7 ~ and 20 ~ gels were also used. Instead of the discontinuous system, the resolving gel buffer was also used in the stacking gel; we found this simplification gave better resolution and reproducibility. After electrophoresis the gels were immediately dried, without prior fixation or staining.
Neutralization. The Ad2 and Ad5 antisera were prepared by hyperimmunization of New Zealand white rabbits with virions purified by banding twice in CsC1 (1.34 gm/ml). These sera, diluted i :250 , neutralized 99 ~ of the infectivity of lO 7 p.f.u./ml in a one-cycle growth titration using the inclusion body assay. To measure the effect of type-specific neutralizing serum on the infectivity of the recombinants, 25 #1 of virus were mixed with 25 #1 of serum (diluted I:IOO) and incubated for 30 min at 37 °C-Ten mm boverslips containing HEp2 cells were infected with dilutions of this mixture and incubated for 2 days at 39 °C. The coverslips were then fixed, stained with aceto-orcein and the percentage of inclusion bodies counted, as described previously. The controls consisted of recombinants treated with buffer.
RESULTS

Identification of marker polypeptides
SDS-polyacrylamide gel analysis of Ad2-infected human cells (KB or HEp2) late in the growth cycle of the virus reveals a total of 28 distinct virus-induced polypeptides (Philipson & Petterson, 1973; Weber et al. 1977) . This number includes those observed during a short pulse-labelling and those observed following a long chase. As suggested by the extensive heteroduplex homology (Garon et al. 1973; Bartok etal. 1974) and the ability to generate viable recombinants (Hassell & Weber, I978) between Ad2 and Ad5, the polypeptide pattern of these viruses might be expected to show an overall similarity, yet provide some differences in electrophoretic behaviour. Indeed, as shown in Fig. I to 5 the following specific differences could be observed: (I) the capsid polypeptides II, IV, (Fig. I, 3 and 4) ; III, (Fig. I) and 66K (Fig. 3, 4 and 5) obtained from cells infected with Ad5 migrate faster than the corresponding polypeptides from Ad2-infected cells; (2) the core polypeptide V of Ad5 migrates faster than that of Ad2 ( Fig. Q; (3) the non-virion polypeptides IoOK (Fig. 2) and 36K ( Fig. 3 and  4) , (Weber et al. I977) of Ad2 move faster than those of Ad5.
The mobility differences of polypeptides II, IV and 36K were large and consequently easily observed on all gels, while those of 66K and V were less readily observed. The small serotype-specific differences in mobility of polypeptides IooK and III could only be determined by repeated electrophoresis of the same sample. For positive identification of the proteins the following criteria were used. Some of the recombinant viruses were purified and electrophoresed (SDS-PAGE) with Ad2 and Ad5 parental viruses (Fig. 5) . These results were used to cross-check the results obtained by the analysis of intracellular virus proteins (compare recombinants 2-2, 4-2, 1-28, 4-I3 and 6-1o in Fig. 4 infected with IO to 20 p.f.u./cell at 39 °C for 20 h, labelled for i h with 25/zCi/ml 85S-methionine, then lysed in SDS-sample solution and prepared for electrophoresis in a xz'5 ~ gel. Mobility differences for polypeptides II, III, IV and V are clearly seen on this gel. Note that the difference in mobility between the Adz and Ad5 proteins V creates a greater distance between the Ad5-V (mol. wt. 48000) and the Ad5-5oK band just above it, compared with the corresponding bands in Ad2, a useful characteristic for the identification of the serotype specificity of V.
and IV were also identified by co-electrophoresis of pentons purified from virions (results not shown). This experiment also served to distinguish IIIa and 66K (of Ad2) or 63K (of Ad5) from the closely migrating IV. Thus, in descending mol. wt. the order of these proteins on an S D S -P A G E gel is: IIIa, 66K, 63K, IV (Ad2), IV (Ad5) ( The details are exactly as described for Fig. 2 . The 63K band is identified by a dot to the right of recombinant 6-4. The 55K band is marked to the right of 4-I4. Note the aberrant migration of 55K in recombinant 2-2, The 39K band is marked in Ad5 by a diagonal line from the Ad2-specific 36K band. The 32K band is marked by a dot to the left of Ad2, and may also be seen in recombinants 8-2, 6-Io, I-9, 4-9 and 4-2.
By using these migrational differences as genetic markers, it should be possible to assign these proteins to unique physical loci on the genome by merely correlating these polypeptides with the serotype-specific D N A sequences of the intertypic recombinants, as reported in a separate paper (Hassell & Weber, ~978) . The limitations of this technique are: (i) that we are making the assumption that the reason for the differences in mobility resides in the polypeptide itself, (ii) that we are mapping the difference in mobility and not the polypeptide itself and (iii) that the physical limits obtained are determined by the restriction enzymes used and does not infer that the corresponding structural gene lies entirely within these limits. As will be seen later, the assumption in limitation (i) is testable and will be shown to be valid.
Analysis of infected cell polypeptides of Ad2-Ad5 recombinants
Out of a large number of recombinants between ts mutants of Adz and Ad5, the DNAs of 38 were mapped with restriction endonuclease (Hassell & Weber, I978) . The polypeptide composition of I o3 recombinants from 15 genetic crosses was studied. The present discussion will largely be limited to the detailed analysis of 38 recombinants for which the DNAs have been mapped.
HEpz or KB cell monolayers were infected with recombinants at approx. Io p.f.u./cell, incubated at 39 °C and 2o h later labelled with 35S-methionine for I h. The cells were either lysed immediately or chased with cold methionine for 24 h and then examined by SDS-gel electrophoresis as described (Weber, 1976 proteins was determined by analysis of infected cell extracts on SDS-PAGE ? Cross I is 5tsI × 2tSl ; cross 4 is 5ts2 × 2tsI ; cross 7 is 5ts36 × 2tsI ; cross IO is 5ts22 x 2/si.
:~ The neutralization of infectivity with type-specific antiserum to Ad2 and Ads was as described in the Methods: the surviving infectivity is expressed as a percentage of the initial titre of the particular recombinant.
§ a, b, c, Recombinants marked witht he same letter within a cross may be related, as their protein patterns (or DNA map) are indistinguishable. Recombinants with the same pattern, but a different letter, originate from an independent experiment and are therefore genetically different.
¶ Recombinant 7-I7 is probably a revertant of 5ts36, as no Ad2-specific restriction enzyme sites were detected.
In general each recombinant was grown and labelled in two separate experiments and each sample was electrophoresed at least twice. Most analyses were performed on I2"5 % gels but some recombinants where the high mol. wt. proteins were difficult to assign to a particular serotype (i.e. lOoK, III) were also run on 7)/o gels (e.g. Fig. 2 ). The repeated analysis of each recombinant was necessary because no single gel was capable of resolving all the proteins simultaneously. Although pulse-labelled samples were also analysed, we found the post-polypeptide-processing samples (chase) more instructive for reasons which will become clear later. Fig. 3 and 4 show autoradiograms of samples which were pulse labelled and chased for 2 4 h. 
* The serotype specificity of the proteins was determined by analysis of infected cell extracts on SDS-PAGE as in Fig. 3 and 4. i" Cross 3 is 5tsl x 2ts4; cross 6 is 5ts2 × 2ts4; cross 9 is 5ts36 × 2ts4; cross I2 is 5ts22 × 2ts4.
:~ The neutralization of infectivity with type-specific antiserum to Adz and Ad5 was carried out as described in the Methods: the surviving infectivity is expressed as a percentage of the initial titre of the particular recombinant.
§ a, b, c, Recombinants marked with the same letter within a cross may be related, as their protein patterns (or DNA map) are indistinguishable. Recombinants with the same pattern, but a different letter, originate from an independent experiment and are therefore genetically different.
The polypeptide patterns differ from recombinant to recombinant and in most cases are also different from either of the parental serotypes. By scoring the polypeptides in these types of gels, which differ in mobility between the serotypes, it is possible to compile an inventory of the I03 recombinants analysed. This information is shown in Tables I to 4 and Fig. 6 . From a study of all the recombinants (including those for which the DNA has * The serotype specificity of the proteins was determined by analysis of infected cell extracts on SDS-PAGE as in Fig. 3 and 4.
t Cross 2 is 5tsl × 2ts3; cross 8 is 5ts36 × 2ts3; cross I I is 5ts22 × 2ts3.
:~ The neutralization of infectivity with type-specific antiserum Adz and Ad5 was carried out as described in the Methods: the surviving infectivity is expressed as a percentage of the initial titre of the particular recombinant.
§ a, b, ¢, Recombinants marked with the same letter within a cross may be related, as their protein patterns (or DNA map) are indistinguishable. Recombinants with the same pattern, but a different letter, originate from an independent experiment and are therefore genetically different. not been mapped) the following general observations may be deduced: (0 all recombinants from crosses involving Ad5ts2, express the Ad2-specific hexon polypeptide, thereby confirming previous reports that this mutant maps within the hexon gene (Sambrook et al.
I975; Williams et al. I975); (2) 34 out of 36 recombinants obtained in crosses involving
Ad5tsI express the Ad2-specific polypeptide, suggesting that this mutant maps within the IooK gene (there are two exceptions, i-9 and 1-28, which express Ad5-specific loOK polypeptides, while 1-28 also contains Ad5 sequences between 55 and Ioo); (3) all recombinants (I9) from crosses involving Ad2ts3 express the Ad5-specific hexon polypeptide. No recombinants could be isolated from the cross, Ad5ts2 × Ad2ts3, strongly suggesting that the Ad2ts3 mutation maps within the hexon gene; (4) all possible pairwise combinations of the five polypeptides (V, III, II, iooK, IV) of the two serotypes were represented among the recombinants, although the frequencies varied widely. This shows that the structural differences in these proteins, revealed by the differences in their electrophoretic mobilities do not impose absolute genetic, biochemical or conformational constraints. Nevertheless when we analyse the frequencies of all possible combinations of those five proteins among the existing recombinants, we not only observe variations in frequency but also the absence of certain types of recombinants (Table 5 ). For example, we have not isolated a single recombinant with the composition V~--IIIS---II2----IooKS--IV s. Fig. 3 and 4. by analysis of infected cell extracts on SDS-PAGE t Cross 13 is 5tsx × 2ts48; cross I4 is 5ts2 × 2ts48; cross 15 is 5ts22 × 2ts48; cross i6 is 5ts36 x zts48. The neutralization of infectivity with type-specific antiserum to Ad2 and AdS was carried out as described in the Methods: the surviving infectivity is expressed as a percentage of the initial titre of the particular recombinant.
:~ These recombinants are probably revertants as all the proteins and restriction sites were of the same serotype; recombinants I3-4, 14-4, I4-2, and 15-Io express only Ad2 proteins, suggesting that these may also be revertants. a, b, Recombinants marked with the same letter within a cross may be related, as their protein patterns (or DNA map) are indistinguishable. Recombinants with the same pattern, but a different letter, originate from an independent experiment and are therefore genetically different.
Mapping of polypeptides
Hexon
As shown by recombinants I-9, 4-I3, 4 -22, 7-3 and 6-4 (Fig. 3, 4 and 6) , the hexon polypeptide maps in the region between 55 and 57-Because the hexon (mol. wt. 12oooo) accounts for IO~o of the total coding capacity 0"2 × IO s) of adenovirus, the entire hexon gene must extend beyond these limits. Interestingly, the difference in mobility between the Ads and Ad2 hexon is determined by the region around position 55 (see recombinants 2-2, 2-4, 2-15, 8-2). The Ads hexon appears to have a mol. wt. of 115000, or 5000 less than the Ad2 hexon. The coding region corresponding to mol. wt. 5ooo would theoretically be 0"4 map units; hence the serotype specific difference in mol. wt. between the Ad2 and Ad5 hexon may be a sequence of o'4 map units somewhere around the 55 locus. example 7-3, 6-r I, 3-2I, 1-28) . Several of these recombinants map polypeptide III towards 
Penton base
A total of I5 recombinants map polypeptide III between coordinates 43 and 44 (see for
Non-structural polypeptides looK and 36K
In spite of the small mobility difference between the Adz and Ad5 IooK proteins, we succeeded in assigning the serotype of this protein by repeated electrophoresis of extracts of the recombinants. By contrast, the 36K polypeptide could always be scored with confidence, whenever visibly present. An examination of the recombieants shows that, with few exceptions, 18 recombinants map looK at position 69, while 25 and 23 recombinants would map it at position 71 and 8o, respectively. This diminishing gradient of mapping frequency as one moves away from the locus at 69 indicates that IooK maps around the 69 to 7I position. On the basis of frequency the 36K polypeptide maps within the same region as the looK polypeptide. Furthermore, where recombination events have occurred in the vicinity of 69 to 71 the structure of the resulting recombinant DNA agrees with the serotype-specific 36K expressed, reinforcing the suggested overlapping map positions for IooK and 36K (see recombinants 2-4, 2-i5, 15-8 ). In the case of several recombinants the serotype of looK and 36K do not agree (4-I3, 4-I4, 4-21, 4-22, 8-2, I4-8, I5-6 ) . This could be due to mis-scoring or alternatively to the possibility that the 36K serotype specific difference maps separate from that of IooK, or that 36K is in fact a distinct protein. On the better gels (Fig. 3 and 4) there appears another, previously noted (Weber et al. 1977) , minor band in the 32K region just ahead of 36K. The presence of this band correlates perfectly with the presence of 36K. Consequently, 32K probably maps within the same region as 36K and appears to be related to it in an, at present, undetermined way.
Polypeptide 66K
This polypeptide migrates between Ilia and IV, and can be observed in infected cells (Fig. 3 and 4 ) as well as in purified virions (Fig. 5 ) and incomplete particles (data not shown). The serotype specificity is easily distinguished because the corresponding polypeptide of Ad5 migrates as a 63K band. The 63K band, however, is difficult to observe when a particular recombinant expresses the Adz-IV polypeptide which has a mol. wt. of 62 ooo. As shown in Tables t to 4 , polypeptides II and 66K are completely concordant, thereby inviting the conclusion that 66K and II map together. Several incidental observations have been made in other experiments using purified virions which might provide an explanation for the origin of 66K. Fresh virus preparations do not appear to contain this polypeptide, while older preparations contain varying amounts of 66K. Furthermore, both top component particles (not shown) and virions (Fig. 5) contain 66K. These observations suggest that 66K may be a breakdown product of hexon. 5  5  5  2  2  5  5  2  2  2  2  5  2  2  2  5  5  2  5  5  5  5  5  5  2  2  2  2  2  5  5  5  5  2  2  2  2  5  2  5  5  5  5  5  5  5  5  5  2  5  5  5  5 I5-6  I5-8   2  2  2  2  2  5  5  5  2  2  2  2  2  2  2  5  --2  5  5  5  2  2  2  2  2  2  2  2  5  5  2  2  2 2  5  2  2  2  2  2  2  2  5  -5  5  2  2  2  2  2  2  5  2  5  2  2  2  2  5  2  -5  5  2  2  5  2  2  2  5  2  5  2  5  5  5  5  2  2  5  5  2  2  5  2  2  2  5  2  5  2  5  2  2  5  5  2  5  5  2  2  2   2  5  5  5  5  5  5  5  5  5  5  5  5  5  5  5  5  5  2  2  2  5  2  5  2  2  2  2  2  5  2  5  5  5  2  2  2  5  5  5  5  5  5  5  5  5  5  5  5  -5  5  5  5   5  2  2  2  2  2  2  2  2  2  2  5  2  2  2  2  -2  5  5  2  2  2  2  2  2  2  2  2  5  2  2  2  2  2  2  2  5  5  2  2  2  2  2  2  2  2  5  2  2  2  2  2  2  5  5  5  2  2  2  2  2  2  2  Z  5  5  2  2  2  2  2  5  2  5  2  2  2  2  2  2  2  2  5  2  2  2  2  2  2   5  5  5  2  2  5  2  5  5  5  5  5  5  2  2  2  --5  5  2  2  2  2  2  2  2  2  2  2  5  2  2  2  2  -2  2  5  5  2  2  2  2  2  2  2  2  2  5  2  2  2  -2  5  5  5  2  2  2  2  2  2  2  2  5  5  2  2  2  -2  5  5  5  2  2  2  2  2  2  2  2  5  2  2  2  2  2  2   2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  --2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  -2  2   2  2  2  2  2  5  5  5  5  5  5  2  2  2  5  5  2  2  2  2  2  2  5  5  5  5  5  -2  -2  5  5  5   2  2  2  2  2  2  2  2  2  2  2  2  2  --2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  --2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  5  5  5  5  5  5  5  2  2  2  2  5  5  2  2  2  2  2  2  2  2  2  5  2  2  2  2  2  -5  2   2ts48X5ts36  16-I   2  2  2  2  2  2  2  5  2  2  2  2  2  2  2  -2  2   *I6-4  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2   *I6-7  5  5  5  5  5  5  5  5  5  5  5  5  5  5  5  5  5  5 * These recombinants may be revertants as both the DNA and protein pattern are of the same serotype. "]" Enzyme map positions were determined by the use of restriction endonucleases, as outlined previously (Hassell & Weber, 1978) .
:I: Dashes in the columns under the proteins represent doubtful or undetermined data.
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Fibre
Based essentially on five recombinants, recombinants 2-2, z-I5, I5-6, I5-8 and I6-I, the fibre polypeptide maps between positions 8o and 9 o. All recombinants which express Ad2 fibre have Ad2 sequences and all those which express Ad5 fibre have Ad5 sequences spanw;ng positions 80 to 90 on their genome. By contrast, there is no correlation between the expression of a serotype-specific fibre and any other position on the genome. In crosses involving 5ts22, a mutant purportedly defective in the fibre protein, I7 out of r8 recombinants express the Ad2 fibre polypeptide (Mautner et al. t975; Sambrook et al. I975) . The single exception is recombinant Io-I. Because the only Adz protein expressed is IooK, a protein difficult to score as to serotype and the structure of its DNA was not examined, it is possible that lo-I is either a revertant of 5tszz or a revertant that subsequently recombined with 2tsI. These data imply that 5tsz2 maps within the gene coding for the fibre polypeptide.
As the neutralization of infectivity data show (Tables I to 4) this parameter correlates well with the serotype specificity of fibre, thus reinforcing the serotype determination based on electrophoretic mobility and more importantly, establishing that fibre is the dominant antigen involved in virus neutralization.
DISCUSSION
We have used interserotypic recombinants selected from the progeny of crosses between Ad5 and Ad2 ts mutants to determine the location of structural genes on the adenovirus genome, by correlating the serotype specific electrophoretie mobility of virus polypeptides with the genetic composition of intertypic recombinants. A summary of the mapping results and coordinates for the eight polypeptides is displayed in Fig. 6 and Table 6 . It is important to note that these data do not imply that the observed coordinates for a particular polypeptide necessarily encompass the DNA sequences of the entire corresponding structural gene. The present method only implies that somewhere within these coordinates lie the DNA sequences specifying the serotype specific mobility differences for each polypeptide discussed (Grodzicker et al. I977) .
Our assignments of the map coordinates for the hexon, fibre and IooK polypeptides are in agreeinent with those reached independently by other investigators. Lewis et al. (I975, I977) have mapped several adenovirus proteins by in vitro translation of virus-specific RNA selected by hybridization to site specific endonuclease fragments of Ad2 DNA. The genes for polypeptides 32K, 36K, 66K, III and V have not been mapped before. Although the data of Lewis et al. (1977) and that of Chow et al. (I977) suggest that !II and V map between 3 ° and 51.9 (hexon), or possibly even between 36.6 (IIIa) and 49"9 (PVI), the present results place these proteins toward the right of Ilia in the sequence, V, III. The same sequence was recently reported by Girvitz & Rainbow (I978) by the u.v. transcriptional unit mapping technique.
The smaller tool. wt. of the Ad5 hexon, compared with the Adz hexon appears to originate within the segment of the hexon gene defined by coordinates 55 to 57. The mol. wt. difference between the Ad5 and Ad2 hexon also gives rise to the tool. wt. difference (though of only 300o) in the 66K (Ad2) and the 63K (Ad5) polypeptides, which we suspect to be derived from hexon by proteolytic cleavage. A comparison of Adz and Ad5 hexon tryptic fingerprints of ninhydrin stained peptides demonstrated that all the Ad5 hexon peptides were present in Adz hexon which, in addition displayed about five additional peptide spots (Pereira & Laver, 197o ) . Taken together these data would be consistent with the notion that the Ad5 hexon gene evolved from the Adz hexon gene or from a common ancestor, by an internal deletion, within the region of 55 to 57 corresponding to about 15o base pairs of DNA (i.e. 5ooo daltons of protein). A complete sequence of the Ad2 and Ad5 hexon genes or polypeptides would be necessary to test this intriguing hypothesis.
As we have shown elsewhere (Hassell & Weber, I978 ) 2tsI maps between positions 59 and 69. One recombinant (4-9) contains Ad2 sites at 59 and 69 and one (1-I6) contains an Ad2 site at 69 suggesting that 2tSl does not span either of these sites but indeed maps interior to them. The present protein data shows that only IO out of 28 recombinants involving crosses with 2tsI express Ad5-II, and similarly only 12 out of 28 express Ad5-IooK. These frequencies suggest that 2tsi may not map in either the hexon or the looK gene. This suggestion is also supported by the genetic and phenotypic data: (a) 2tsI recombines with 5tsI and 5ts2; (b) 2tsI complements efficiently the hexon mutants 2ts3, 5ts2, as well as the putative looK mutant, 5tsI (B6gin & Weber, 1975; and unpublished results) ; (c) 2tsI is phenotypically very different from any other mutant (Weber, 1976; Mirza & Weber, 1977) . Clearly, the possibility exists that 2tsI may lie in the carboxy-terminal portion of hexon, or in a hitherto unidentified new gene positioned between hexon and looK and obviously distinct from the DNA-binding protein gene.
Garon et al. (I973) and Bartok et al. 0974) have studied the base sequence heterologies between genomes from different adenovirus serotypes by intertypic heteroduplex formation. They observed two blocks of sequence heterology between Ad2 and Ad5, approx, between 5o and 6o and between 8o and 9o. It is not surprising that the two proteins with the greatest difference in mol. wt. between the serotypes, that is, hexon and fibre, mapped within the two blocks of base sequence heterology. In fact, all the proteins analysed here which show a serotype-specific difference in mol. wt., map in regions containing serotype-specific endonuclease sites (Hassell & Weber, 1978) . In this regard, it should be noted that we have not observed any recombinants expressing a hexon or fibre polypeptide of intermediate mobility. Consequently the intragene recombinants, which may have been present among our recombinants, were probably of a structure which did not alter the serotype-specific electrophoretic mobility.
In spite of considerable early work on the neutralization of adenovirus infectivity, the principal neutralizing protein responsible has not been identified unequivocally (Philipson &Pettersson, I973) . Based on a large number of recombinants, the present data show a clear correlation between the fibre (polypeptide IV) and neutralization of infectivity. The antiserum used in these experiments was prepared by immunizing rabbits with purified mature virions, which yielded an antiserum capable of precipitating soluble proteins II, III and IV (unpublished data). Consequently these results establish the fibre as the dominant neutralizing antigen, albeit they do not rule out the possibility of the existence of minor or secondary neutralizing antigens in the virion.
As noted in the Results the relationship between the 36K and looK polypeptides is at present obscure. By several descriptive criteria they appear to be quite distinct. 36K is strongly labelled in vitro with ~2P-orthophosphate, although little label is detected in looK, which is synthesized in vastly greater amounts (unpublished results) . In this connection it should be noted that in a pulse-chase labelling experiment 36K migrates more slowly after a chase, reminiscent of another phosphorylated non-structural polypeptide, the 72K DNAbinding protein (Jeng et al. I977) . Similar results have also recently been reported on the differential extent of phosphorylation of 36K and looK (Russell & Blair, I977) . The intracellular distribution of these polypeptides has also been found to be different; iooK has been recovered from ribosomes with a high salt wash, while 36K is detected mainly in the nuclear fraction. A distinct identity for 36K is also suggested by labelling with 14C-arginine; 36K is labelled more extensively than rooK (Weber et al. t977) . The status of the 32K polypeptide, which was only detected whenever 36K was present, is at present unclear. A final conclusion on the relationship between these polypeptides will have to await the fingerprinting of these proteins.
